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❑ An effective theory (ET) is a 
theory which “effectively” 
captures what is physically 
relevant in a given domain.

❑ The most appropriate description 
of particle interactions in the 
language of quantum field theory 
(QFT) depends on the energy at 
which the interactions are 
studied.

❑ Objective reductionism 
(Weinberg): the convergence of 
arrows of scientific explanation.

❑ Emergence (Anderson): “at each 
new level of complexity entirely 
new properties appear and the 
understanding of the new 
behaviors requires research 
which I think is as fundamental 
in its nature as any other”.

Elena Castellani, Studies in History and
Philosophy of Modern Physics 33 (2002) 251

G.F. Bertsch, et al., Scidac Review 6, 42 (2007)
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The limits of the nuclear landscape
J. Erler, N. Birge, M. Kortelainen, W. Nazarewicz, E. Olsen,

A.M. Perhac, M. Stoitsov,
Nature 486, 509 (2012)

6900±500 bound nuclei



Ab-initio Nuclear Structure with DiRAC

BoccaDorata code:
(C. Barbieri, V. Somà,

A. Cipollone)

- Provides a C++ class library for handling many-body
propagators (≈56,000  lines, hybrid, OpenMPI/OmP).

- Allows to solve for nuclear spectral functions, many-body 
propagators, RPA responses, coupled cluster equations and 
effective interaction/charges for the shell model.

- Developed 2006-2017 by C. Barbieri and collaborators.

- Spectral fucnctions generated
through Krylov projection 
algorithms for multi-pivots
[Phys. Rev. C89, 024323 (2014)]. 

- Full inclusion o three-nucleon
forces—multi Gb files handled
via MPI I/O and HDF5.

- Simultaneous computation of
otical potentials and scattering.

56Ni



Phys. Rev. Lett. 117, 052501 (2016) – Editor’s suggestion

Ab-initio Nucl. Phys. on Complexity & Darwin

Phys. Rev. C95, 034319 (2017)

- 34Si is unstable, charge distribution is still unknown

- Suggested central depletion from mean-field 
simulations

- Ab-initio theory confirms predictions

Key Challenges: Devising realistic nuclear Hamiltonians capable to predict correct 
saturation (binding and radii) throughout the nuclear chart.

- New fits of chiral interactions (NNLOsat) highly 
improve comparison to data

- Deficiencies remain for neutron rich isotopes

Old generation of Chiral interactions

Saturating Hamiltonians
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model 

functional

coupling constants 

derived from 

ab-initio 

calculations

through perturbations weighted by the Lagrange multipliers

Varying the strength of the Lagrange multipliers produces a dataset to which the

coupling constants are fitted 

functional 

generators

Project: ab-initio derivation of model Energy Density Functionals

J.D., J. Phys. G: Nucl. Part. Phys. 43, 04LT01 (2016)
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Used cluster: CSD3 Skylake 

The dataset requires hundreds of 

calculations, one for each Lagrange multiplier

Light and medium mass nuclei

Memory and CPU demanding ab-initio 

calculations by Self-Consistent 

Green’s Function method
(example: 3-body matrix elements file is 20 Gb 

for HO model space Nmax=11)

why? 

32 CPU per node, 

useful for MPI and OpenMP

Large memory per node, 
56Ni required skylake-himem

750000 CPU-hours consumed 
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Nature Physics, in press

Physical Review C, submitted
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Fussion:
❑

16O-16O at 70MeV centre of mass collision

❑ Calculations performed on Dial 

❑ Left: the transparency in reaction when spin-orbit is not included.

❑ Right: the same but with spin-orbit, leading to fusion.

❑ P. D. Stevenson and M. C. Barton, accepted for publication in Prog. Part. 

Nucl. Phys.
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Comparison of the 
experimentally 
measured
total fusion 
excitation function 
with the 
predictions of the
DC-TDHF method 
for 16O+12C

R. T. deSouza, S. Hudan, V. E. Oberacker, and A. S. Umar,
Phys. Rev. C88, 014602 (2013)
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225Ra

Experiment
R.G. Helmer et al., Nucl. Phys. A474 (1987) 77

b10  =  0.023

b20  =  0.161

b30  =-0.128

b40  =  0.091

Skyrme-Hartree-Fock
J. Dobaczewski, J. Engel,

Phys. Rev. Lett. 94, 232502 (2005) 
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Proforma for the Nuclear Physics 

Programme Evaluation

Fission project:
❑ The objective of this project is to revolutionize the way we describe 

nuclear fission.

❑ A predictive, accurate and precise description of nuclear fission, rooted 

in a fundamental quantum many-body theory, is one of the biggest 

challenges in science. 

❑ Current approaches are based on adiabatic models, with internal 

degrees of freedom assumed to be at thermal equilibrium. 

❑ The vision of this project is to go beyond these approximations, and to 

obtain a unified description of fission at varying excitation energies.

❑ This will impact our understanding of how chemical reactions proceed 

or how molecules behave in strong laser fields.

What is needed:
❑ Workforce: PI, 3 postdocs, 3 PhD students, 5 years.

❑ Computing power: dedicated 3000 cores, 26M CPU hours/year.
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Thank you
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